ABSTRACT
available in 2010 with a full record of daily precipitation amounts. Daily gridded satellite 23 based rainfall estimates were compared to: (1) point observed ground rainfall and (2) areal 24 rainfall in the major river sub-basins of Lake Tana. The result shows that the MPEG and 25 CFSR satellite provided most accurate rainfall estimates. On average, for 38 stations 78 and 26 86% of the observed rainfall variation is explained by MPEG and CFSR data, respectively, 27 while TRMM explained only 17% of the variation. Similarly, the areal comparison indicated a issues (Baveye, 2013 ).
22
The growing availability of high-resolution (and near real time) satellite rainfall products can 23 help hydrologists to obtain more accurate precipitation data, particularly in developing 24 countries and remote locations where weather radars are absent and conventional rain gauges 25 are sparse (Creutin and Borga, 2003; Kidd, 2001 particles can be related to rainfall over ocean and over land (Ferraro, 1997 
Methods

20
The predicted satellite rainfall estimate and observed gauged rainfall data have different Finally the comparison on monthly and annual basis is done applying standard statistics.
10
Areal comparison: Satellite rainfall estimation is compared with the interpolated observed 11 rainfall stations. The ground rainfall observations are interpolated adopting a Thiessen
12
Polygon method and compared with the respective satellite rainfall estimation for the major 13 gauged river basins of Lake Tana; the accuracy is measured using standard statistics. The 14 major river basins in the Lake Tana used for this study are Gilgel Abay, Gumara, Ribb and Multiplicative Bias (Bias) and Root Mean Square Error (RMSE).
28
The Coefficient of Determination (R-Squared): is used to evaluate the goodness of fit of the Where: R 2 = coefficient of determination, G i = ground rainfall measurements, S i = satellite 6 rainfall estimates, and n = number of data pairs. Eq. (2)
13
Where: RMSE= root mean square error, G i = ground rainfall measurements, S i = satellite 14 rainfall estimates, and n = number of data pairs.
15
Bias is a measure of how does the average satellite rainfall magnitude compared to the ground 16 rainfall observation. It is simply the ratio of the mean satellite rainfall estimation value to the 17 mean of ground rainfall observed value. A bias of 1.1 means the satellite rainfall is 10 percent 18 higher than the average ground rainfall observations see Eq. (3).
19
Eq. (3)
20
Where: G i = ground rainfall measurements and S i = satellite rainfall estimates. 
Result and Discussion
22
The long-term annual average rainfall from 1994 to 2008 is plotted against station elevation to 23 see the rainfall-elevation relation (Fig. 3) . Two clear relationships can be observed; the first 24 one shows a 50 mm of rainfall increase for every 100 m elevation increase and the second rainfall and the extracted satellite rainfall for all 38 stations is depicted for the three standard 6 statistical techniques in Fig. 4 a, b and c.
7
As shown in Fig. 4a , the monthly MPEG and CFSR have a strong correlation with the Ground 0.63 to 9.5 mm/day) while TRMM has a RMSE ranging from 3.8 to 11.8 mm/day.
20
Thus MPEG and CFSR rainfall estimate are clearly better related to gauged rainfall than
21
TRMM. This is in agreement with the findings of (Dinku et al., 2008) , where on average
22
TRMM-3B42 captures only 15% of the rainfall variability for the whole Ethiopia.
23
Finally, if we look at the rainfall distribution throughout the year we found that the rainfall 
Areal comparison 15
Stations likely affected by convective rainfall are interpolated using a Thiessen Polygon 16 method and their weights on areal rainfall for the major watersheds is determined (Fig. 7) . observed rainfall variability on the major river sub-basins of lake Tana (Fig. 8) . Overall, the 27 areal satellite rainfall estimates for the major river basins have a smaller RMSE and a higher Bias computed (Fig. 9) rainfall pattern but it overestimated for some and underestimated for the other stations.
23
TRMM rainfall was not consistent in estimating the ground rainfall observation for both point 24 to grid and areal comparison and didn't capture the observed rainfall pattern at all.
25
The ground observation data indicated 86% of the annual rainfall to occur from June to are adjusted and combined, (ii) TIR precipitation estimates are created using the PM estimates 10 for calibration, (iii) PM and TIR estimates are combined, and (iv) the data is rescaled to 11 monthly totals where by gauge observations are used indirectly to adjust the satellite product.
12
The major inputs into the 3B42 algorithm are IR data from geostationary satellites and PM The CFSR was designed and executed as a global, high-resolution coupled atmosphere- 
